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(54) Tumour treatment apparatus 

(57) A chemotherapy apparatus (10) for treatment 
of tissue surrounding a cavity (24) left by a surgical exci- 
sion, comprises: 

a distensible inner reservoir (28A) and outer reser- 
voir (28B), the outer reservoir comprising a porous 
wall and the inner reservoir comprising a non- 
porous wall, the inner and outer reservoirs 



arranged so that a space is defined between them; 

a first catheter (32) connected to the space 
between the inner and outer reservoirs for delivery 
of a chemotherapy fluid into the space; and 
a second catheter (72) connected to the inner res- 
ervoir for delivery of a second fluid into the inner 
reservoir. 
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Description 

[0001] The present invention relates to apparatus for 
the treatment of tumours in a living body, and more par- 
ticularly, but not by way of limitation, to apparatus for 
treatment of brain tumours in a human. 
[0002] Conventional techniques of post-operative 
treatment of residual tumour following only gross 
removal of tumour include sequential, but not simultane- 
ous administration of radiation, chemotherapy, and/or 
heat. Simultaneous administration of these modalities 
to the residual tumour is advantageous but impossible 
utilizing currently available techniques. 
[0003] Further, no currently available intraoperative 
therapeutic procedure utilizes the cavity formerly occu- 
pied by the bulk of the tumour for placement of an inflat- 
able device for subsequent tumour therapy, whether 
combined (radiation and/or chemotherapy and/or hyper- 
thermia together) or single modality (one of the above 
alone), or whether simultaneous or sequential in appli- 
cation. 

[0004] The current practice of brachytherapy (implan- 
tation of radioactive sources in the tumour and sur- 
rounding tissue) requires simultaneous placement of 
numerous separate catheters. Placement of catheters 
for afterlaoding must currently incorporate pre-operative 
placement of a stereotactic frame for localization, a pro- 
cedure which is expensive, cumbersome, and time-con- 
suming. In frame placement, a large heavy frame is 
attached to the skull of the awake patient utilizing 
transdermal metal screws and local anaesthetic, often 
not a smooth or desirable procedure. Once the frame is 
placed, a CT scan and extensive calculations are 
required before the patient is transported to the operat- 
ing room, with the frame on his or her head, for the 
actual catheter placements. This second transport is 
cumbersome. 

[0005] Once in the operating room, numerous sepa- 
rate holes (usually up to 24) are manually drilled in the 
patient's scalp and skull. Then existing catheters are 
placed to the appropriate depth and sewn in place. 
These catheters are subsequently afterloaded with 
solid isotopic pellets for a prescribed time. The pellets 
are removed and, if hyperthermia is desired, separate 
metal antennae are loaded into the existing catheters 
for subsequent heating and thermometry. Although rea- 
sonably proximal in time, these sequential loadings 
reduce the efficacy of combined treatment, which 
should be simultaneous for highest tumour kill. During 
treatment, the catheters are externally exposed with 
attendant risk of infection. 

[0006] Following delivery of the prescribed radiation 
and heat, the catheters are removed. Any subsequent 
treatment, as for example following tumour recurrence, 
would require repeating the entire sequence described 
above. 

[0007] US- A-481 60 1 6 discloses an implantable appa- 
ratus for treatment of tissue surrounding a cavity left by 



surgical removal of a tumour from a living patient, com- 
prising an inflatable balloon adapted to be placed in said 
cavity, and a catheter means for conducting treatment 
fluid to said inflated balloon. 

5 [0008] WO 90/04365 and WO 91/05528 disclose an 
implantable for treatment of tissue surrounding a cavity 
left by surgical removal of a tumour from a living patient, 
comprising an inflatable balloon adapted to be placed in 
said cavity, a catheter means for conducting treatment 

10 fluid to said inflatable balloon, and heating means oper- 
ative^ associated with said balloon for heating said 
treatment fluid while said treatment fluid is in said bal- 
loon. 

[0009] Starting from the disclosure of these two docu- 
15 merits, the present invention said heating means com- 
prises a chemotherapy apparatus for treatment of tissue 
surrounding a cavity left by a surgical excision, compris- 
ing: 

20 a distensible inner reservoir and outer reservoir, the 
outer reservoir comprising a porous wall and the 
inner reservoir comprising a non-porous wall, the 
inner and outer reservoirs arranged so that a space 
is defined between them; 

25 a first catheter connected to the space between the 
inner and outer reservoirs for delivery of a chemo- 
therapy fluid into the space; and 
a second catheter connected to the inner reservoir 
tor delivery of a second fluid into the inner reservoir. 

30 

[001 0] The apparatus of the present invention is non- 
invasive and does not require the use of wires extending 
out through an aperture in the patient's body. 
[0011] The apparatus of the present invention thus 

35 provides the possibility of simultaneous heat therapy 
and therapy by treatment flow. 
[0012] The treatment flow can be radioactive treat- 
ment fluid or a chemotherapy fluid, or in one embodi- 
ment a double-wall balloon is provided so that both a 

40 radioactive treatment fluid and a chemotherapy fluid can 
be simultaneously applied. 

[001 3] Monitoring means may be provided for monitor- 
ing the temperature of the treatment fluid in the balloon. 
[001 4] The invention provides a significant advantage 
45 in that it provides a means for simultaneous administra- 
tion of radiation therapy and/or chemotherapy and/or 
heat therapy. 

[001 5] Another advantage is that a treatment device is 
intraoperatively placed in the cavity formerly occupied 
so by the bulk of the tumour thus providing a means for 
subsequent treatment of residual tumour without further 
surgical incisions. 

[0016] Another advantage is that the distensible bal- 
loon takes advantage of the inherent natural compliance 
55 of a fluid to conform to the outline of the cavity to be 
treated, thus allowing close approximation of the treat- 
ment device to the treated residual tumour. 
[001 7] The present invention also takes advantage of 
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the greater variety of desirable physical or superior cost 
properties inherent in readily available liquid isotopes. 
These liquid isotopes are cheaper and possess higher 
specific activities (millicuries per gram) when compared 
to their conventional, solid counterparts. This is a highly 
desirable characteristic which allows a higher concen- 
tration of radioactivity to be administered, thus resulting 
in higher tumour cell kill. 

[0018] Another advantage of the present invention is 
that it allows homogeneous mixing of disparate treat- 
ment agents for the uniform administration of hyperther- 
mia and brachytherapy simultaneously to a human 
tumour surrounding a post-operative cavity. 
[0019] Numerous other objects, features and advan- 
tages of the present invention will be readily apparent to 
those skilled in the art upon a reading of the following 
disclosure when taken in conjunction with the accompa- 
nying drawings. 

Figs 1-4 comprise a sequential series of schematic 
elevation sectioned drawings through the coronal 
portion of the head of a human being. In Fig. 1 the 
scalp has been laid back and one or more bun- 
holes are placed in the skull allowing creation of a 
circular bone flap which when temporarily removed 
allows gross resection of the tumour. In Fig. 2 the 
major portion of a brain tumour has been opera- 
tive^ removed. In Fig. 3 intra-operative placement 
of the implantable apparatus of the present inven- 
tion has been accomplished and the incision has 
been closed. In Fig. 4 a hypodermic needle is used 
to transdermal^ place a treatment fluid in the appa- 
ratus to inflate the distensible catheter in place 
within the cavity formed by removal of the tumour. 
Fig. 5 is an enlarged view similar to Fig. 4 illustrat- 
ing further details of the apparatus including means 
for heating and means for monitoring the tempera- 
ture of the fluid in the balloon . 
Fig. 6 is a view similar to Fig. 5 illustrating alterna- 
tive means for heating. 

Fig. 7 is a view similar to Fig. 5 illustrating an alter- 
native embodiment of the invention having a dou- 
ble-wall balloon to allow chemotherapy treatments. 
Fig. 8 is a view similar to Fig. 5 of another alterna- 
tive embodiment which is not completely implanta- 
ble, and which has the catheter extending through a 
bolt means placed in the skull. 
Fig. 9 is a view similar to Fig. 5 of another alterna- 
tive embodiment having a treatment fluid recepta- 
cle countersunk within the skull so as to avoid 
deformation of the overlying scalp. The implantable 
receptacle includes a metallic ring which is visible 
to X-rays. 

Fig. 10 schematically illustrates the placement of a 
metallic wire grid over the patients scalp, with the 
metallic ring of the device of Fig. 9 being shown in 
dashed lines as it would be seen in a subsequent 
en face X-ray of the patient's scalp for purposes of 



locating the receptacle. 

[0020] In Fig 1 the coronal portion of the head of a 
human patient is shown and generally designated by 

s the numeral 10. The patient's scalp 1 2 overlies the skull 
14 within which is seen the brain 16. A tumour 18 is 
schematically illustrated within the brain tissue 16. The 
scalp 12 has been laid back as indicated at 20 and one 
or more burr holes have been cut to allow creation of a 

10 bone flap (not shown) which is removed to form an 
access opening 22 in the skull thus providing operative 
access to the brain 16 and the tumour 1 8. 
[0021] In Fig. 2, the bulk of the tumour 18 has been 
operatively removed thus leaving a cavity 24 within the 

75 remaining brain tissue 1 6 which will include some resid- 
ual tumour immediately surrounding the cavity 24. 
[0022] In Fig.3, the implantable treatment apparatus 
26 has been intra-operatively implanted prior to closure 
of the surgical incisions. The apparatus 26, as better 

20 seen in Fig. 5, includes an inflatable balloon 28 con- 
structed for placement in the cavity 24, a subcutane- 
ously implantable treatment fluid receptacle means 30, 
and a catheter means 32 connected between the recep- 
tacle means 30 and the balloon 28 for carrying treat- 

25 ment fluid from the receptacle means 30 to the inflatable 
balloon 28. 

[0023] The assembly of the implantable apparatus 26 
is generally as follows starting with the subcutaneous, 
receptacle 30 and moving distally. The various connec- 

30 tions discussed in the following description are not 
shown in detail in the figures, but comprise conventional, 
widely acceptable neurosurgical techniques and will be 
well understood by those skilled in the art. An outlet 
connector extends outwardly from the subcutaneous 

35 receptacle 30 and engages an end of the siliconized 
plastic surgical tubing comprising the catheter 32 in a 
manner like that shown in Fig 7 of U.S Patent No. 
4,681 ,560 to Schulte et at. The end of the outlet connec- 
tor from the subcutaneous receptacle 30 includes a 

40 flange portion which sealingly engages a suture sleeve 
to form a seal preventing medication from exiting the 
assembly other than through the connector leading to 
the catheter 32. 

[0024] In order for the catheter 32 to make the right- 
45 angle turn downward through burr hole 36 as illustrated 
in Fig. 5, a plastic right-angle device (not shown) which 
causes the catheter tube 32 to be conformed to a right 
angle can be placed around the tube at the time of 
installation at the proper linear dimension along the 
so tube. Thus, depending upon the necessary distance 
between the subcutaneous receptacle 30 and the burr 
hole 36, the right-angle device may be located closer to 
or further from the subcutaneous receptacle 30. These 
assembly techniques just described confer considera- 
55 ble flexibility in the placement and installation of the var- 
ious components of the treatment device 26. 
[0025] In Fig. 3, the apparatus 26 has been implanted 
with the balloon 28 located within cavity 24 but still in its 
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uninflated state. The access opening 22 has been 
closed by replacement of the previously removed bone 
flap. The catheter means 32 is placed through a bun- 
hole 36 which may have been formed when the bone 
flap was formed, or which may be specially formed in 
any desired location. The subcutaneous receptacle 30 
has been placed on top of the skull 14 and the scalp 12 
has been sutured back in place thereover. The recepta- 
cle 30 may include a suture tab such as 38 (see Fig. 5) 
allowing it to be sutured in place to the surrounding 
galea which is a tough overlying tissue which lies over 
the skull 14. 

[0026] In Fig. 4 a hypodermic needle 40 is illustrated 
as transdermal^ injecting a treatment fluid into the sub- 
cutaneous implanted receptacle 30. The injection 
receptacle 30 includes a rigid base and an overlying 
self-sealing dome which encloses and defines an injec- 
tion chamber. The self-sealing dome is constructed of a 
silicone elastomer material, such materials providing an 
acceptable level of tissue reaction when subcutane- 
ously implanted, which can be pierced by a 25 gauge or 
smaller needle without affecting ability of the dome to 
reseal after the needle is withdrawn. The fluid from nee- 
dle 40 flows through the catheter 32 to inflate the bal- 
loon 28 so that it substantially fills the cavity 24 thus 
placing the treatment fluid in close proximity to the 
remaining tumour in the brain tissue 16 surrounding the 
cavity 24. The walls of balloon 28 can generally be 
described as being in direct apposition with the remain- 
ing residual tumour tissue surrounding cavity 24. As fur- 
ther described below, various treatment modalities may 
be applied either individually or simultaneously. 

The Embodiment of Fio. 5 

[0027] Fig. 5 illustrates the apparatus 26 in a view sim- 
ilar to that of Fig. 4 but enlarged and showing further 
detail. 

[0028] The subcutaneously implanted receptacle 
means 30 is constructed in a manner so that it can be 
easily and safely injected with the treatment fluid, and it 
is constructed of a material which will readily reseal 
upon withdrawal of the hypodermic needle. It may for 
example be constructed similarly to the subcutaneously 
implantable infusion reservoir shown and described in 
Schulte et al., U.S. Patents Nos. 4, 816, 016 and 
4,681,560. It may also be an Onmaya CSF Reservoir 
such as is available from American Heyer-Schulte. The 
design of the subcutaneously implantable reservoir 30 
should be small enough to minimize the volume or radi- 
oactive treatment fluid 44 in the subcutaneous area, but 
should be large enough to allow easy localization by 
palpation to facilitate loading with the hypodermic 
syringe 40. The subcutaneous receptacle 30 should be 
malleable and flexible to allow external palpation, but 
should be rigid enough that external compression can- 
not drive fluid from its interior into the catheter 32 and 
balloon 28. If compression should occur, the resilience 



of subcutaneous receptacle 30 should provide for re- 
expansion, thus reaccumulating any fluid driven distally 
as noted above. 

[0029] The catheter means 32 is constructed of con- 
s ventional flexible plastic catheter materials. 

[0030] The inflatable balloon 28, which may also be 
referred to as a distensible reservoir 28 or distensible 
catheter 28, is preferably constructed of flexible sili- 
conized plastic and is attached to the catheter means 
10 32 location 42 by a flanged plastic connector and multi- 
ple interrupted surgical ties. 

[0031] Although the term "balloon" is used to 
described the distensible reservoir 28, it will be appreci- 
ated that the material from which the balloon wall is con- 
15 structed need not be an elastic material. It is only 
required that the reservoir 28 be capable of somewhat 
collapsing in size so that it can be easily placed in cavity 
24 as shown in Fig.3and that it then subsequently fill 
with fluid so as to substantially fill the cavity 24. The fluid 
20 inside balloon 28 is not necessarily pressurized, 
although it may be. The collapse of the balloon 28 fol- 
lowing treatment will allow easy removal of the catheter 
32 and balloon 28 through an exiting burr hole 36 with- 
out first removing the entire bone flap should removal of 
25 the device be required for any reason. 

[0032] In one preferred embodiment the treatment 
fluid 44 is a radioactive treatment fluid. The radioactive 
treatment fluid can be injected into the balloon 28 and 
left there for a prescribed period of time. Then it may be 
30 removed by reinserting hypodermic needle 40 into 
receptacle 30 and pulling a vacuum with the plunger of 
hypodermic needle 40 to cause the treatment fluid to 
flow back out of balloon 28 through catheter 32 into 
receptacle 30 and into the cylinder of hypodermic nee- 
dle 40, so as to end the radiation treatment. Preferred 
radioactive isotopes for use in this procedure include 
90- Yttrium, 198-Gold, 32-Phosphorous, 125-lodineand 
131 -Iodine. The use of isotopes in liquid form allows 
considerable flexibility in administered dose rate in 
rad/hour and range (in millimetres) of the radioactive 
particles used in irradiating the residual tumour. Also 
with this apparatus a much more homogeneous dosage 
of radiation is applied to the surrounding tissue 16 than 
with the typical prior art devices described. 
[0033] It is noted that since the apparatus of 26 can be 
loaded with radioactive solution after the completion of 
surgery there is much less danger of radiation exposure 
to operating room personnel than with the prior art tech- 
niques described above. 

[0034] Of course for treatment with radioactive fluid 
44, the balloon 24 would be made of non-porous mate- 
rial. For other treatment modalities, namely chemother- 
apy, a balloon 28 constructed of porous material may be 
utilized in a manner similar to that described below with 
regard to the porous outer wall 28A of Fig.7, in order to 
allow the chemotherapy fluids to seep through the bal- 
loon 28 into actual contact with the surrounding brain 
tissue. When a porous balloon wall 28 is used for chem- 
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otherapy, so that there is no need to ever withdraw the 
treatment fluid from the balloon 28. the treatment device 
26 may further include a check valve (not shown) dis- 
posed in catheter 32 similar to valve 82 of Fig.7 so that 
fluid can flow to balloon 28 but not back therefrom. 
[0035] It is noted that the inflatable balloon 28 is pref- 
erably constructed so that it has an inflated volume as 
seen in Fig. 5 which is no greater than, and preferably 
slightly less than, the volume of the cavity 24 thus pro- 
viding a means for avoiding any compression or distor- 
tion of the normal brain tissue 16 surrounding the cavity 
24. It will be appreciated, of course, that distortion of the 
normal brain tissue can cause undesired complications. 
[0036] Fig.5 also illustrates a first form of heating 
means 46 operatively associated with the balloon 
means for28 for non-invasive heating of the treatment 
fluid 44 while the treatment fluid 44 is in the balloon 28. 
The heating means 46 illustrated in Fig,5 may either be 
an external ultrasonic transmission means 46 or an 
external radio frequency electromagnetic energy trans- 
mission means 46. 

[0037] If the heating means 46 is an external ultra- 
sonic transmission means, it focuses ultrasonic energy 
on the treatment fluid 44 in balloon 28. In the case of 
using ultrasonic energy to heat the balloon contents, the 
skull bone tissue 14 will not be replaced over the burr 
hole 22 thus providing a path for unimpeded transmis- 
sion of the ultrasonic sound energy through the burr 
hole 22. 

[0038] If the heating means 46 is an external radio fre- 
quency electromagnetic energy transmission means, 
the treatment fluid 44 will contain an iron oxide suspen- 
sion in addition to the radioactive isotope in solution. 
This iron oxide suspension will be heated by the radio 
frequency electromagnetic energy. 
[0039] A monitoring means 48 is provided for monitor- 
ing a temperature of the treatment fluid 44 within the 
balloon means 28. In a preferred embodiment, the mon- 
itoring means 48 is a crystal oscillator 48 implanted 
within the balloon means 28. The oscillator 48 may also 
be mounted on the outside of catheter 32 within the bal- 
loon 28. The crystal oscillator 48 has a frequency of 
oscillation which varies proportionately to its tempera- 
ture. The frequency of oscillation of the crystal oscillator 
means 48 can be determined non-invasively by an 
external antenna 40 which may be considered to be a 
part of the monitoring means. The crystal oscillator 48 is 
available under the trade name CorTemp from Human 
Technologies Inc of St. Petersburg, Florida, such as 
described in "NASA Tech Briefs", June 1990, at page 
106. 

[0040] The system shown in Fig.5 when using a non- 
porous balloon 28, provides a means for simultaneous 
application of both radioactive therapy and heat therapy 
to the remaining brain tissue 16 surrounding the cavity 
24. 

[0041 ] In its broadest aspects, the surgical procedure 
utilizing the apparatus of Fig.5 can be described as 



including steps of surgically removing at least a portion 
of the tumour 18 thereby creating the cavity 24 in the 
remaining brain tissue 16. Subsequently the treatment 
device 26,28 is placed in the cavity 24 and the remain- 

5 ing tissue 16 including residual tumour surrounding the 
cavity 24 is treated by means of the treatment device 
25,28. The treatment device 28 preferably is an inflata- 
ble balloon 28. The inflatable balloon is inflated with a 
treatment fluid 44 so that the inflatable device 28 occu- 

10 pies the cavity 24 thereby placing the treatment fluid 44 
in close proximity to the remaining tissue 16 surround- 
ing the cavity 24. By use of the subcutaneously 
implanted receptacle 30 and transdermal injections of 
treatment fluid as indicated in Fig.4, the procedure can 

is be performed non-invasively without making further sur- 
gical incisions on the patient. Although the apparatus 
and process of the present invention have been dis- 
closed in the context of treatment of brain tumours, it will 
be appreciated that they can be used in connection with 

20 other types of tumours wherein treatment can be 
accomplished by placing the treatment device in a cav- 
ity left by removal of the tumour. 
[0042] The entire apparatus 26 can be left in place 
permanently allowing subsequent further treatment as 

25 desired. 

The Embodiment of Fia.6 

[0043] Fig.6 illustrates an alternative embodiment pro- 
30 viding a different means for heating the treatment fluid 
44 within the balloon 28. 

[0044] The system shown in Fig.6 utilizes an external 
microwave transmitter 52, and a subcutaneously 
implantable microwave receiver means 54. The micro- 

35 wave transmitter 52 preferably operate in the 200 MHz 
to 400 MHz range, and more preferably operates at 
about 300 MHz. The microwave receiver means 54 
includes a metallic element 56 which actually receives 
the microwave energy and heats up. The microwave 

40 transmitter 52 may also be replaced by an ultrasound 
transmitter focussed on receiver means 54. Insulation 
58 both overlies and underlies the metallic element 56 
to prevent heating of the scalp 12 and underlying skull 
tissue 14. Suture tabs 60 may be used to attach the 

45 microwave receiver apparatus 54 to the skull 14. 

[0045] A conductor means 62 extends from the metal- 
lic element 56 into the interior of the balloon 28 for con- 
ducting heat from the metallic element 56 into the 
treatment fluid 44 in the balloon 28. The conductor 

so means 62 has external insulation 64 which covers a 
metallic conductor 66 a portion of which is uncovered 
inside of the balloon 28. Alternatively the conductor 
means 62 could be run through the hollow catheter 32. 
[0046] The system of Fig.6 may also use a tempera- 

55 ture monitoring means 48,50 as shown in Fig.5. 
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The Embodiment of Fig.7 

[0047] Fig.7 shows another alternative embodiment of 
the invention wherein the balloon is a double-wall bal- 
loon having a non-porous inner wall 28A t and a porous 5 
outer wall 28B. The first subcutaneously implantable 
receptacle 30 and catheter 32 previously described 
communicate with the non-porous inner wall 28A for 
providing the first treatment fluid 44 to the interior of the 
inner wall 28A. The first treatment fluid 44 is preferably 10 
a radioactive treatment fluid. The heating means 46 pre- 
viously described is provided for non-invasive heating of 
the first treatment fluid 44. The alternative heating 
means of Fig.6 could also be utilized. 
[0048] A second subcutaneously implantable recepta- is 
cle means 68 is provided for receiving a transdermal 
injection of a second treatment fluid 70, which prefera- 
bly is a chemotherapy treatment fluid 70. The second 
receptacle 68 may beheld in place by suture tabs such 
as 69. A second catheter 72 communicates the second 20 
receptacle 68 with the space 74 defined between the 
inner and outer walls 28A and 28B within which the 
chemotherapy fluid 70 is received. The space 74 prefer- 
ably has a layer of sponge-like material 76 lying therein 
between the inner and outer walls 28A and 28B for tern- 25 
porarily holding the chemotherapy fluid 70 therein. 
[0049] The porous outer wall 28B includes numerous 
small openings 78 therein allowing the chemotherapy 
fluid 70 to seep out such as in droplets 80. The chemo- 
therapy fluid seeps out the porous outer wall 28B into so 
direct contact with the brain tissue 16 surrounding the 
cavity 24. 

[0050] The previously described crystal oscillator 48 
may be placed within either the inner wall 28A or with in 
the outer wall 28B for monitoring of the temperature of 35 
the fluids therein as previously described. 
[0051 ] A check valve 82 may be disposed in the sec- 
ond catheter 72 for preventing flow of the chemotherapy 
fluid 70 back therethrough from space 74 back to recep- 
tacle 68. The one-way check valve 82 is available from 40 
Halkey-Roberts Corporation of St. Petersburg, Florida, 
and may for example be constructed in accordance with 
the teachings of U.S. Patent No. 4,681,132 to Lardner. 
[0052] It will be appreciated that fluid pressures both 
from the first fluid 44 within the inner wall 28A and the 45 
second fluid 70 with the space 74 will act to urge the 
second fluid 70 out through the small openings 78 in the 
porous outer wall 28B. 

[0053] Fig.7 illustrates a treatment means including 
heating means 46 and the first and second subcutane- so 
ous receptacles 30 and 68 operably associated with the 
balloon means 28A.28B for simultaneously non-inva- 
sively applying at least two, and if preferred all three, 
treatment modalities from the group consisting of radia- 
tion, heat and chemotherapy to remaining brain tissue 55 
16 surrounding cavity 24. 

[0054] Alternatively, instead of use of a double-wall 
balloon 28A.28B chemotherapy alone could be applied 



with a structure like that shown in Fig.5 wherein the 
outer wall 28 is a porous wall and wherein the interior 
thereof contains a sponge-like material. 

The Embodiment of Fig.8 

[0055] Fig.8 illustrates a balloon 28 like that of Fig.5 
and also illustrates the fact that certain aspects of the 
present invention can be achieved without the use of the 
subcutaneously implanted receptacle 30, but instead by 
having a transdermal catheter 84 extend through the 
skull 14 and scalp 12 by means of a hollow bolt 86 
implanted in the skull 14 which has the transdermal 
catheter 84 sealingly and securely disposed there- 
through. The hollow bolt 86 may if desired be made of 
non-metallic materials. 

The Embodiment of Fias.9 and 10 

[0056] Figs 9 and 1 0 illustrate another embodiment of 
the invention. In Fig.9 a modified subcutaneously 
implantable receptacle 88 is illustrated. It is connected 
to balloon 28 by catheter 32. 

[0057] It will be appreciated that the subcutaneously 
implantable reservoir 30 shown in Figs. 1-7 is designed 
such that the overlying scalp 12 is somewhat deformed 
to accommodate the size of the subcutaneous recepta- 
cle 30. The subcutaneous receptacle 30 of Figs. 1-7 is 
typically located by palpation of the scalp 40 so as to 
locate the subcutaneous reservoir 30 by feel. It will be 
appreciated that a palpable receptacle such as recepta- 
cle 30 implies pressure upon the overlying scalp 12 
which may compromise blood supplied to the scalp 12 
in that area, hence potentially causing skin necrosis or 
breakdown, a definite disadvantage. 
[0058] The modified receptacle 88 is circular in shape 
and includes an annular metallic ring 90 which is impen- 
etrable by X-rays. The receptacle 88 and metallic ring 
90 are placed with a counterbore 92 which is formed 
within the skull 14 with commonly utilized air-driven 
drills such as that manufactured by the Midas Rex Com- 
pany. The receptacle 88 may be held in place by suture 
tabs 94. It may also be held in place by conventional 
threaded screws (not shown) screwed into the skull 14. 
[0059] The modified receptacle 88 may be installed in 
such a manner so as not to deform the overlying scalp 
1 2 or create undue pressure upon the scalp 1 2. It does, 
however, present a need for an easy means of accu- 
rately locating the subcutaneous receptacle 88 so that 
treatment fluids may be injected therein with hypoder- 
mic needle similar to the process illustrated in Fig.4. 
This localisation is accomplished as shown in Fig. 10. 
[0060] A metallic grid 94 is laid in place over the 
patient's scalp 12 and may be held fixedly in place ther- 
eon by means such as tape 96. Next, a plain en face 
radiograph, i.e. X-ray, of scalp, reservoir, grid and skull 
is taken. By observing the X-ray film, the relationship 
between the external metallic grid 94 and the subcuta- 
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neous metallic ring 90 may be easily seen, allowing 
selection of the correct grid square externally through 
which the hypodermic needle 40 can be successfully 
passed to hit the centre of the subcutaneous receptacle 
88. s 

Claims 

1 . A chemotherapy apparatus (1 0) for treatment of tis- 
sue surrounding a cavity (24) left by a surgical exci- 10 
sion, comprising: 

a distensible inner reservoir (28A) and outer 
reservoir (28B), the outer reservoir comprising 
a porous wall and the inner reservoir compris- is 
ing a non-porous wall, the inner and outer res- 
ervoirs arranged so that a space is defined 
between them; 

a first catheter (32) connected to the space 
between the inner and outer reservoirs for 20 
delivery of a chemotherapy fluid into the space; 
and 

a second catheter (72) connected to the inner 
reservoir for delivery of a second fluid into the 
inner reservoir. 25 

2. The apparatus according to claim 1 . further com- 
prising a first and second fluid receptacle (44,68) 
connected to the first and second catheter for 
receiving transdermal injections of the Chemother- 30 
apy fluid and the second fluid, respectively. 

3. The apparatus according to claim 2, wherein the 
first and second receptacles are implanted subcu- 
taneously. 35 

4. The apparatus according to claim 1 , 2 or 3, wherein 
the space between inner and outer reservoirs com- 
prises a sponge (76) for temporarily holding the 
chemotherapy fluid. 40 

5. The apparatus according any preceding claim, 
wherein the second fluid comprises a radioactive 
treatment fluid. 

45 

6. The apparatus according to claim 5, wherein the 
radioactive treatment fluid comprises a radioiso- 
tope selected from the group consisting of "90- 
Yttrium, 198-Gold, 32-Phosphorus, 125-lodineand 
131 -Iodine. so 

7. The apparatus according to claim 5 or 6, wherein 
the outer reservoir includes means for spacing the 
inner reservoir from the tissue surrounding the cav- 
ity when the inner reservoir is filled with radioactive ss 
treatment fluid and the outer reservoir is filled with 
chemotherapy fluid. 



8. The apparatus of claims 1 to 7, further comprising 
an external energy transmitter for simultaneous 
application of heat energy to the tissue surrounding 
a cavity left by a surgical excision. 

9. The apparatus of claim 8, wherein the external 
energy transmitter is an ultrasonic transmitter, 
microwave transmitter or radio frequency transmit- 
ter. 

10. The apparatus of claim 8, further comprising a tem- 
perature monitor (48) in thermal communication 
with at least one of the reservoirs, the temperature 
monitor generating a signal responsive to the tem- 
perature of a fluid in the reservoir. 
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A chemotherapy apparatus (10) for treatment 





of tissue surrounding a cavity (24) left by a surgical exci- 
sion, comprises: 

a distensible inner reservoir (28A) and outer reser- 
voir (28B), the outer reservoir comprising a porous 
wall and the inner reservoir comprising a non- 
porous wa!l, the inner and outer reservoirs 
arranged so that a space is defined between them; 
a first catheter (32) connected to the space 
between the inner and outer reservoirs for delivery 
of a chemotherapy fluid into the space; and 
a second catheter (72) connected to the inner res- 
ervoir for delivery of a second fluid into the inner 
reservoir. 
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